Abstract
Introduction
Edge is one of the most simple and important image features, including a large amount of image information, which has been widely used in the field of image recognition, segmentation, enhancement, compression and so on.Edge exists in the target and background, target and target, region and region, is the image of the object structure, texture, shape of important information, edge detection for image post-processing and analysis provides an important parameters, the follow-up to further feature description, matching and recognition, etc. have a significant impact on [1] [2] [3] . Edge detection is the most basic technology in the field of image processing and computer vision. Its purpose is to extract the edge of the object in the image, which lays a good foundation for image fusion, shape extraction, image segmentation, image matching and image tracking [4] [5] [6] [7] . Edge detection is a hot research topic in the field of digital image processing. The traditional edge detection method is based on the gray value of the image to determine the edge, because of the existence of various noise has a great impact on the edge detection, the existing edge detection technology needs to set many parameters, the adaptive ability is poor, it is difficult to detect more complex images, so image edge detection technology needs to be further improved and developed. The commonly used edge detection method is based on the gray level of the image, and the edge detection method has many kinds, such as Log edge detection operator, Canny edge detection operator, Roberts edge detection operator. The classical edge detection method is to calculate the gradient amplitude information of the image, and judge whether the image is edge. However, these algorithms are easy to be affected by the noise. When the gray level of image edge is not obvious, it is easy to cause the image edge detection [8] [9] [10] [11] .
In recent years, with various new algorithms and artificial intelligence theory, some new edge detection methods, such as wavelet transform and wavelet packet edge detection, edge detection algorithm based on mathematical morphology [12] [13] [14] [15] , fuzzy theory and neural network edge detection, edge detection using genetic algorithm, etc. [16] [17] [18] .
In addition, ant colony algorithm is applied to image edge detection in recent years because of its advantages, such as high computational speed, high efficiency of noise reduction, complete extraction of edge information.
Ant Colony Algorithm
Ant colony algorithm is a kind of optimization algorithm proposed by Italy scholar M Dorigo in 1992. It is a kind of random search method with advantages of discrete, parallel and robust [19] [20] [21] . Ant colony algorithm is a kind of simulated evolutionary algorithm, which is based on the behavior of ants in searching for food. Ants in their own path through the path to release a substance called pheromone to carry out information, according to the intensity of the pheromone to guide their forward direction; the more the more ants the path of its pheromone is stronger, and the information will gradually over time and gradually volatile. Therefore, the probability of the path of the ant is greater, and the ant colony is able to adapt to the environment, and when the ant colony of the movement path of the obstacle, they can quickly find an optimal path, the whole ant colony will find the optimal path. Ant colony optimization algorithm is the mechanism through which the positive feedback, after many iterations, the optimal solution is obtained. In the ant path structure, the ant search behavior is influenced by the intensity of pheromone and the heuristic information. The ant colony search for the shortest path to the source of food. The discrete and parallel characteristics of ant colony algorithm has certain advantages in processing digital images. The genetic algorithm flow chart is shown in Figure. 
Image Edge Detection Algorithm Based on Ant Colony Optimization
The principle of ant colony algorithm is that the image is abstracted into an undirected graph, and then the ant colony ant colony is randomly placed in the graph. The ants will choose one target location as the next target. The more attractive the ant colony is, the higher the value of the edge points. The edge of the image can be obtained by analyzing the distribution of the pheromone intensity.
Initial Ant Distribution
In general, the number of ants is set to K M N  ( M and N denonte the length and width of the picture respectively).
Transfer Probability
The probability that the ants from the pixel  
Transfer rule
Ants move from pixels to the rules of the pixels.
Where， q is a random and
q is a preset value； S is a selected random.
Pheromone Update
When ants move from pixel   , ij to pixel   , kl , the pheromone updates rule is as
Where,
indicates that pheromone volatile factor.
Edge Extraction
After the completion of the set of iterations, the choice of a threshold, according to the intensity of each pixel of the pheromone intensity to determine whether the point is the edge point
Experimental Simulation and Analysis

Experimental System
SiC coated high-temperature alloy plates with defects was detected using pulsed thermographic system. Pulsed infrared thermography is a nondestructive testing technique based on the theory of heat transfer and infrared imaging theory. In the actual detection, there are two different forms of reflection and transmission methods, which are shown in Figure. 1.When the infrared camera and excitation source are in the same side of the tested component, it is called reflection detection method; When the infrared camera and excitation source are in the different sides of the tested component, it is called transmission detection method.
Excitation source 
Figure 1. Reflection and Transmission Method
As the SiC coated high-temperature alloy plate with good heat resistance and thinner thickness, the reflection detection method is suitable. SiC coated hightemperature alloy plates with defects was detected using pulsed thermographic system, and the principle of the system is shown in Figure . 2. The infrared thermal imaging system is the key device for infrared thermal wave nondestructive detection. It receives the infrared light from the target and the surrounding background using optical system, and converts it into electrical signal by the detecting element. Infrared thermal imaging system mainly refers to the infrared camera. It conjugates the measured object's infrared radiation into visual visible image, and display in the form of intuitive thermal image. The temperature signal of the component surface is collected by the infrared camera SC7000 produced by FLIR company, which is shown in Figure. 3.. The infrared camera has the advantages of high sensitivity and short response time. The working band of SC7000 is 3.1-5.6 m, with a resolution of 320×256 pixels, the maximum full frame rate up to 170F/s. The equivalent noise temperature difference at room temperature is 20mK. Heat one side of the component using flash lamps. If a defect or discontinuity exists in the component, there will be a difference in the surface temperature of the component between defective and other regions. The image sequence to record the surface temperature distribution of the component can be captured and obtained by using an infrared camera. And then the image sequence will be processed by the signal processing algorithm, thus according to the difference between the different regions in the image, the specific information of the defects in the components can be realized. Figure. 4 and Table. 1 shows the the structure size and defect distribution of the specimen. Figure .5 shows the photo of the specimen.The coating was prepared by plasma spraying, and the prefabricated defects were flat blind holes in the hightemperature alloy substrate. Note: DL-the edge of defects; DH-the depth of defects. 
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In this paper, the defects edge of infrared thermal image is extracted. Figure.6 shows a thermal image captured the infrared camera. Figure. 7 shows the image after gray level transformation. Using Canny edge detection operator and ant colony algorithm to extract the edge of the image. Specific results are shown in Figure. 8 and Figure. 9. The experimental results show that the algorithm has the characteristics of high efficiency, strong ability of restraining the noise and the edge information, and can effectively extract the real edge of the object.
Conclusion
Based on the analysis of the principle of ant colony algorithm, the image edge detection method based on ant colony algorithm is discussed. The comparison of canny and ant colony algorithm is carried out. The results show that the ant colony algorithm has the advantages of high efficiency, comprehensive accuracy of edge information in extracting the edge of infrared image.
